We report on the occurrence of Orobanche krylowii in the Alpet Shqiptare (Prokletije, Albanian Alps) mountain range in northern Albania (Balkan Peninsula). The species was previously known only from eastern-most Europe (Volga-Kama River in Russia), more than 2500 km away, and from adjacent Siberia and Central Asia. We used morphological evidence as well as nuclear ribosomal ITS sequences to show that the Albanian population indeed belongs to O. krylowii and that its closest relative is the European O. lycoctoni, but not O. elatior as assumed in the past. Both Orobanche krylowii and O. lycoctoni parasitize Ranunculaceae (Thalictrum spp. and Aconitum lycoctonum, respectively). We provide an identification key and a taxonomic treatment for O. krylowii, and suggest the IUCN category CE (critically endangered) for the highly disjunct Albanian population.
Introduction
In spite of the peculiarity of its rich flora and its importance for European phytogeography (Markgraf 1932) Albania is one of the botanically least explored regions of Europe. After the last editions of the national flora (Paparisto et al. 1988 , Qosja et al. 1992 , 1996 , Vangjeli et al. 2000 including 3758 taxa (3250 species) of vascular plants a multitude of species new for Albania were published (e.g., Barina & Pifko 2008 , Rakaj 2009 , Ball 2011 , Barina et al. 2011 , Meyer 2011 , Barina et al. 2013 . For instance, Meyer (2011) , based on his botanical explorations of Albania during four months in 1959-1961, described 37 new taxa for science (28 species and 9 subspecies).
The holoparasitic broomrapes (Orobanche L., Orobanchaceae) belong to the taxonomically most difficult non-apomictic genera. This is due to the, compared to other plants, strongly reduced number of potentially useful characters, especially vegetative ones, the high phenotypic variability and the uniform darkening during desiccation resulting in the loss of potentially useful coloration characters in herbarium specimens (Kreutz 1995 , Schneeweiss et al. 2009 ). Consequently, our knowledge on taxonomy and distribution of many broomrape species is still insufficient, even in botanically well-explored regions, such as the Iberian Peninsula or Central Europe. New species of Orobanche s. str. and Phelipanche Pomel (syn. O. sect. Trionychon Wallr.) have been described (Foley 1998 , 2004 , Carlón et al. 2005 , Pujadas-Salvà & Crespo 2004 Lab work and phylogenetic analyses DNA was extracted from herbarium material using the 2 × cetyl trimethyl ammonium bromide (CTAB) method of Doyle & Doyle (1987) . Amplification and sequencing of the nuclear ITS region followed methods described in Schneeweiss et al. (2004) . The newly obtained sequences (GenBank accession numbers KF359499 to KF359504) were manually aligned to the data set of Schneeweiss et al. (2009) . The determination of the following taxa from Schneeweiss et al. (2009) Tree searching and bootstrapping (with 1000 replicates; MLB) relied on maximum likelihood (ML) under the GTRCAT model of substitution, using RAxML 7.2.0 (Stamatakis 2006 , Stamatakis et al. 2008 on Cipres Portal (Miller et al. 2010) . Maximum parsimony (MP) and MP bootstrap (MPB) analyses were performed using PAUP 4.0b10 (Swofford 2002) . The most parsimonious trees were searched heuristically with 1000 replicates of random sequence addition, TBR swapping, and MulTrees on. The swapping was performed on a maximum of 1000 trees (nchuck=1000). All characters were equally weighted and unordered. The data set was bootstrapped using full heuristics, 1000 replicates, TBR branch swapping, MulTrees option off, and random addition sequence with five replicates. Diphelypaea tournefortii (Desf.) Nicolson and D. coccinea (M. Bieb.) Nicolson were used as outgroups, based on previous studies . = Orobanche krylowii f. puberula Krylov, Fl. Alt.: 997. 1907 (Krylov 1907 Teryokhin et al. 1993 , Schlauer et al. 2012 Several authors (e.g., Chater & Webb 1972 , Pignatti 1982 , Domina & Raab-Straube 2010 reported O. elatior Sutton as parasitizing on "Thalictrum", which was likely based on the fact that O. krylowii was considered conspecific with O. elatior.
Results & Discussion
≠ Orobanche krylowii var. mirabilis Serg. in Krylov, Fl. Zapadnoi Sibiri 10: 2545 Taxonomic remarks: as forms with (f. glaberrima) and without (f. puberula) glandular hairs in the inflorescence were only recognized by Krylov (1907) and later neglected, and as all plants seen by us are glandular, we consider the glabrous form an exception known only from its type locality and of no taxonomic value. The current taxonomic status of O. krylowii var. mirabilis, allegedly parasitic on Iris ruthenica, is unclear. As the type specimen of O. krylowii var. mirabilis has almost glabrous filaments lacking the dense and almost evenly distributed indumentum characteristic for O. krylowii, the bracts and scales are shorter and the inflorescence laxer, the corolla has a different, narrowly tubular shape and exhibits strongly irregularly toothed corolla lobes, we believe that it does not belong to O. krylowii but likely to the O. minor group. It should also be noted that the specimen most likely was not parasitic on Iris, as no clear connections between the roots of Iris and Orobanche are visible. Description: Plant light yellow or whitish, with an evenly distributed indumentum of short glandular and eglandular hairs; stems slender, up to 45 cm high, less than 7 mm in diameter; scale leaves elongated triangular-lanceolate, more abundant towards the almost unswollen stem base; inflorescence with usually fewer than 20 erecto-patent flowers forming a spike that is not very dense and is limited to the upper third of the stem; bracts narrow lanceolate, approximately equaling the flowers in length, early withering to brown and then vividly contrasting the rest of the plant; calyx about ½ as long as the corolla, segments free, often entire, with one pair of shortly subulated teeth strongly reduced or absent; corolla up to 20 mm long, tubular, strongly constricted below the insertion of the stamens, with short light glandular hairs, its dorsal line regularly curved (but straight near the apex), its tube about 5 mm wide and about 3 times as long as the lips; upper lip slightly emarginate, porrect (continuing the dorsal line of the corolla tube); lower lip 3-lobed, with divergent, spathulate, somewhat concave and finely irregularly denticulate margin; stamens inserted at about ¼ of the total corolla length, the 10 mm long filaments beset with abundant, long, eglandular white hairs almost to the apex and scant short glandular hairs below the anthers; anthers light brown to pinkish-brown, with short hairs along the sutures of thecae; ovary whitish, with a yellow nectary at its base, glabrous or glabrescent with scant hairs at the apex; style whitish, with very sparse (more abundant on the upper part) short glandular hairs; stigma bright yellow, very slightly 2-lobed, with a flat or widely concave distal surface, crowning the style in an almost reniform to disciform funnel-like structure. Iconography and photos of Orobanche krylowii from Albania are shown in Figs. 2 (Novopokrovskii & Tzvelev 1958 , Tzvelev 1981 , Grubov et al. 2006 , Kurbatskij 2007 , Kosachev 2013 . It has also been reported for Dzungaria (Xinjiang) in China, but no material has been found in Chinese herbaria (cf. Zhang & Tzvelev 1998) . The distribution map presented in Fig. 4 is based on our own as well as the literature data (see Appendix).
Nature conservation: The species is uncommon in the major part of its distribution area and is included in the red data lists of the Baikal region and Irkutsk (Ivanova 1999 (Ivanova , 2010 the species' regional distribution and/or the number of populations. As currently only a single, albeit individual-rich and not endangered population is known, we here provisionally suggest the category CE (critically endangered). Future field research will show if more populations will be found, which should translate into a change of categorization. We have recorded O. krylowii on two localities along the path from the village Dragobi to Mt. Maja Hekuraves in the Alpet Shqiptare. These localities are about 500 m apart and it is likely that additional populations thrive in this remote side valley of the Valbona valley.
Identification key
In the following, O. krylowii is keyed out against species previously considered conspecific (O. elatior) or similar (O. alsatica). In addition, we included O. haenseleri and O. lycoctoni parasitising on Ranunculaceae. We have also included O. kochii F.W. Schultz, as it resembles O. krylowii (mainly the straight dorsal segment of the corolla), which might explain Beck's (1930) ultimate decision to include O. krylowii into O. major, which has been convincingly shown to actually correspond to at least two species, O. elatior and O. kochii (Zázvorka 2010 Both, phylogenetic analyses ( Fig. 1) and comparison of morphological characters confirm that the Albanian population indeed belongs to O. krylowii. Whereas samples of O. krylowii from across most of its Asian distribution had identical ITS sequences, the population from Albania, separated from the main distribution area in easternmost Europe and adjacent Asia (Novopokrovskii & Tzvelev 1958 ) by more than 2500 km, differs by a single substitution and two polymorphic sites, which may be due to geographic isolation. Orobanche krylowii is not the only species in Albania with biogeographic connections to the East. Other wellknown examples, albeit on the genus level, include the ornamentals Forsythia europaea Degen & Bald. with East Asian relatives and Aesculus hippocastanum L., whose congeners are restricted to East Asia and eastern North America (Meusel et al. 1965 (Meusel et al. , 1978 . Morphological inspection did not reveal any significant differences between O. krylowii from Albania on one hand and the type material (LE) and other inspected specimens from Asia (see Appendix) on the other hand. The Albanian specimens have distinctly woolly bracts, which can, however, also be observed in Asian specimens (e.g., specimen (3) cited in Appendix as well as the type material of f. puberula cited below). Moreover, the Albanian population (Figs. 2-3 ) corresponds perfectly to the descriptions of Russian authors (Novopokrovskii & Tzvelev 1958 , Tzvelev 1981 , Kubatskij 2007 . We therefore refrain from describing it as separate subspecies despite the slightly different ITS sequence and the strongly disjunct occurrence. The closest relative of O. krylowii is the European O. lycoctoni (Fig. 1) distributed from the Cantabrian Mountains in northern Spain to the Eastern Alps (Schneeweiss et al. 2009 ). The sister relationship is strongly supported by MLB and MPB (100%), but the relationship of this clade to other Orobanche species remains unclear. Orobanche krylowii and O. lycoctoni are morphologically similar and share, for instance, a uniquely enlarged, flattened yellow stigma. However, O. lycoctoni is more robust in all parts, has stouter stems, denser club-shaped inflorescences and patent and widely tubular flowers with a more marked dorsal geniculation (Figs. 2-3) . Even if O. krylowii and O. lycoctoni are morphologically similar, we found no transitional forms in the extensive herbarium material investigated. This together with the consistent genetic differentiation suggests that both entities deserve taxonomic recognition, most conveniently at the specific level. In contrast, O. krylowii differs strongly from O. elatior, with which it was sometimes considered conspecific (Beck Managetta 1890 , Nyman 1890 , Chater & Webb 1972 , and from O. alsatica var. libanotidis, which was deemed similar by Beck (1881) . Characters that differentiate both O. krylowii and O. lycoctoni from O. alsatica and O. elatior are the deeply bilobed stigma with subspherical lobes, the calyx, which is much longer in relation to the corolla, the filaments, which are hairy only in their lower half, and the regularly curved, not geniculate corolla. Many of these characters (e.g., the distinctively flattened stigma) are either not at all or at least not unambiguously detectable on herbarium specimens, and therefore should be recorded on fresh material and photographically documented. To our knowledge, O. krylowii is restricted to Thalictrum minus (Ranunculaceae) as a host, which may serve as an additional diagnostic feature. Its sister species O. lycoctoni parasitizes Aconitum lycoctonum, suggesting that adaptation to that family already occurred in the ancestor of O. krylowii and O. lycoctoni.
Our discovery of another species new for the flora of Albania and the Balkan Peninsula adds to the growing body of evidence (e.g., Barina & Pifko 2008 , Rakaj 2009 , Barina et al. 2011 , Meyer 2011 that botanical exploration of this part of Europe is still very rewarding. In the future, floristic mapping activities should accompany molecular phylogenetic studies, thereby enhancing both our knowledge about species diversity as well as of the evolutionary mechanisms and patterns involved in the origin of this high diversity. Hopefully, as was in the case of O. lycoctoni, it will stimulate botanists to search for O. krylowii also in the areas between the Albanian Alps and the Volga River in Russia.
